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Abstract 
,QWKHHUDRIELJGDWDKXJHDPRXQWVRIGDWDDUHJHQHUDWHGDQGXSGDWHGHYHU\GD\DQGWKHLUSURFHVVLQJ
DQGDQDO\VLVLVDQLPSRUWDQWFKDOOHQJHWRGD\,QRUGHUWRWDFNOHWKLVFKDOOHQJHLWLVQHFHVVDU\WRGHYHORS
VSHFLILFWHFKQLTXHVZKLFKFDQSURFHVVODUJHYROXPHRIGDWDZLWKLQOLPLWHGUXQWLPHV
7('$ LV D QHZ V\VWHPDWLF IUDPHZRUN IRU GDWD DQDO\WLFV ZKLFK LV EDVHG RQ WKH W\SLFDOLW\ DQG
HFFHQWULFLW\RIWKHGDWD7KLVIUDPHZRUNLVVSDWLDOO\DZDUHQRQIUHTXHQWLVWDQGQRQSDUDPHWULF7('$
FDQEHXVHGIRUGHYHORSPHQWRIDOWHUQDWLYHPDFKLQHOHDUQLQJPHWKRGVLQWKLVZRUNZHZLOOXVHLWIRU
FODVVLILFDWLRQ7('$&ODVV6SHFLILFDOO\ZHSUHVHQWD7('$&ODVVEDVHGDSSURDFKZKLFKFDQSURFHVV
KXJHDPRXQWVRIGDWDLWHPVXVLQJDQRYHOSDUDOOHOL]DWLRQWHFKQLTXH8VLQJWKLVSDUDOOHOL]DWLRQZHPDNH
SRVVLEOH WKH VFDODELOLW\RI7('$&ODVV ,Q WKDWZD\ WKHSURSRVHG DSSURDFK LV SDUWLFXODUO\XVHIXO IRU
YDULRXVDSSOLFDWLRQVDVLWRSHQVWKHGRRUVIRUKLJKSHUIRUPDQFHELJGDWDSURFHVVLQJZKLFKFRXOGEH
SDUWLFXODUO\XVHIXOIRUKHDOWKFDUHEDQNLQJVFLHQWLILFDQGPDQ\RWKHUSXUSRVHV

.H\ZRUGV%LJ'DWD7('$$Q<D(YROYLQJ6\VWHPVIRU%LJ'DWD$QDO\WLFV
1. Introduction 
+XJHDPRXQWVRIGDWDDUHJHQHUDWHGHYHU\GD\LQWKHPRGHUQVRFLHW\PRVWO\LQDGLJLWDOIRUP7KLV
PDNHVWKHROGDSSURDFKWRVWRUHDOOGDWDLWHPVDQGIRUIXUWKHUSURFHVVLQJDQGDQDO\VLVLPSRVVLEOHDQG
JLYHVULVHWRWKHWHUPELJGDWD%LJGDWDFDQEHGHILQHGDVDVFDOHRIGDWDVHWWKDWJRHVEH\RQGH[LVWLQJ
GDWDEDVHPDQDJHPHQWWRROFDSDELOLWLHVRIGDWDFROOHFWLRQVWRUDJHPDQDJHPHQWDQGDQDO\VLVFDSDELOLWLHV
>@$OWKRXJKWKHPRVWFRPPRQWUDLWRIELJGDWDLV9ROXPHLWLVW\SLFDOO\GHILQHGE\PRUH9VVXFKDV
9ROXPH9DULHW\9HORFLW\9HUDFLW\9RODWLOLW\HWF
7KHUH DUH PDQ\ GLIIHUHQW DSSOLFDWLRQV LQ ZKLFK %LJ 'DWD WHFKQLTXHV DUH DSSOLFDEOH GDWD PLQLQJ
SUHGLFWLYHDQDO\WLFVJHRDQDO\VLVQDWXUDOODQJXDJHSURFHVVLQJDQGSDWWHUQUHFRJQLWLRQ1RZDGD\VVLQFH
WKH FRPSXWDWLRQDO SRZHU DQG UHOLDELOLW\ RI WKH FRQWHPSRUDU\ FRPSXWHUV FRQWLQXH WR JURZ WKH GDWD
PLQLQJSUREOHPVIRUELJGDWDLVEHFRPLQJZLGHVSUHDG7KHVHSUREOHPVDUHVKLIWLQJIURPWKHLQVWUXPHQW
IRUJRYHUQPHQWODUJHFRUSRUDWLRQVEDQNVWRPDVVXVHUV%LJ'DWDFDQEHFODVVLILHGWDNLQJLQWRDFFRXQW

(PDLODGGUHVVHVGNDQJLQ#ODQFDVWHUDFXN'PLWU\.DQJLQSDQJHORY#ODQFDVWHUDFXN3ODPHQ
$QJHORYMLJOHVLD#LQIXFPHV-RVp$QWRQLR,JOHVLDVPDVP#LQIXFPHV$UDFHOL6DQFKLV
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
WKHGDWDW\SH6WUXFWXUHGGDWDDUHVWRUHGLQIL[HGILHOG6HPLVWUXFWXUHGGDWDDUHQRWVWRUHGLQ
IL[HGILHOGEXWWKHGDWDLQFOXGHVPHWDGDWDRUVFKHPDDQG8QVWUXFWXUHGGDWDDUHQRWVWRUHGLQIL[HG
ILHOG
:KLOHSURFHVVLQJVWUXFWXUHGDQGVHPLVWUXFWXUHGGDWDSRVHVSUREOHPVUHODWHGSULPDULO\WRWKHVWRUDJH
UHWULHYDO DQG WDJJLQJ ZKHQ XQVWUXFWXUHG GDWD LV FRQFHUQHG WKH SULPDU\ SUREOHP LV RUJDQLVLQJ DQG
PDNLQJVHQVHIURPLW1RZDGD\VXQOLNHLQWKHSDVWFHQWXU\YDVWPDMRULW\RIWKHGDWDLVXQVWUXFWXUHG
6LPSOHU DOJRULWKPV VXFK DV UHWULHYDO VHDUFK DQG FOXVWHULQJ FDQ EH DSSURDFKHG XVLQJ0DS5HGXFH
?FLWH^6LQJK5HGG\MREG`DQGWKURXJKSDUDOOHOLVDWLRQFDQEHVFDOHGLQWRDQXPEHURISURFHVVLQJXQLWV
380RUHFRPSOH[PDFKLQHOHDUQLQJDOJRULWKPVKRZHYHU VXFKDVFODVVLILFDWLRQSUHGLFWLRQLPDJH
SURFHVVLQJHWFZKLFKDUHRIWHQLWHUDWLYHDUHVLJQLILFDQWO\PRUHGLIILFXOWWRSDUDOOHOLVHDQGVFDOHXS
,QWKLVSDSHUZHSURSRVHDQDOJRULWKPIRUFODVVLILFDWLRQRI%LJ'DWDEDVHGRQWKHUHFHQWO\LQWURGXFHG
7('$&ODVV 7\SLFDOLW\DQG(FFHQWULFLW\EDVHG'DWD$QDO\WLFVDSSURDFK >@7('$&ODVV LWVHOI LVD
QHXURIX]]\FODVVLILHUZKLFKFDQEHRI]HURRUILUVWRUGHU7KH]HURRUGHU7('$&ODVVKDVWKHFODVVODEHO
DVRXWSXW7KHILUVWRUGHUYHUVLRQLVXVLQJDPL[WXUHRIOLQHDUUHJUHVVLRQPRGHOVFRPELQHGE\DIX]]\
ZHLJKWSURSRUWLRQDOWRWKHLUORFDOGHQVLW\>@7('$&ODVVLVEDVHGRQWKHUHFHQWO\SURSRVHGDOWHUQDWLYH
GDWDDQDO\WLFVFDOOHG7('$>@>@>@
,WLVLPSRUWDQWWRVWUHVVWKDWWKHSURSRVHGDSSURDFKKDVEHHQGHVLJQHGDVDFRQWH[WLQGHSHQGHQWDSSURDFK
,WPHDQVWKDWLWLVQRWUHVWULFWHGWRDQ\SDUWLFXODUDSSOLFDWLRQ7KHSURSRVHGDSSURDFKDOVRGRHVQRWKDYH
UHVWULFWLYH SULRU DVVXPSWLRQV WKDW DUH W\SLFDO IRU DOWHUQDWLYH VWDWLVWLFDO IX]]\ UXOHEDVHG DQG RWKHU
DSSURDFKHV7KLVLVGXHWREHLQJFRPSOHWHO\GDWDGULYHQDQGEDVHGRQWKHGDWDGHQVLW\GHULYHGIURPGDWD
LWHPV
7KLVSDSHULVRUJDQL]HGDVIROORZV,QWKHQH[WVHFWLRQWKHEDFNJURXQGDQGUHODWHGZRUNWRWKHSURSRVHG
SUREOHPDUHGLVFXVVHG,QDGGLWLRQWKH7('$IUDPHZRUNRQZKLFKWKHSURSRVHGDSSURDFKLVEDVHGRQ
LV DOVR RXWOLQHG 6HFWLRQ  GHWDLOV WKH VWUXFWXUH RI WKH SURSRVHG SDUDOOHOL]DWLRQ DSSURDFK FDOOHG
7('$&ODVV%'S6HFWLRQGHVFULEHVLQLWLDOO\DQLQWXLWLYHLOOXVWUDWLYHH[DPSOH,5,6FODVVLILFDWLRQGDWD
DQGRQHODUJHUUHDOLVWLFDSSURDFK(7/GDWDVHWSUHVHQWVWKHH[SHULPHQWDOVHWWLQJVDQGWKHREWDLQHG
UHVXOWV)LQDOO\6HFWLRQPDNHVWKHFRQFOXVLRQVDQGRXWOLQHVWKHIXWXUHZRUN
2. Background and Related Work  
'LIIHUHQWVFLHQWLILFILHOGVDUHEHFRPLQJLQFUHDVLQJO\GDWDGULYHQZKLFKDOVRUHTXLUHVQHZDSSURDFKHVWR
EHGHYHORSHGZLWKLQWKH&RPSXWHU6FLHQFHWRUHIOHFWWKLV)RUH[DPSOHVRFLDOFRPSXWLQJ>@LVEHFRPLQJ
DGLVFLSOLQHRQLWVRZQVDPHLVWUXHIRUWKHELRLQIRUPDWLFV>@HFRQRPHWULFVDVWURQRP\LVLQFUHDVLQJO\
GDWDGULYHQ>@HWFDUHH[DPSOHVRIWKHVHILHOGV%LJGDWDUHTXLUHQHZW\SHRIFRPSXWDWLRQDODSSURDFKHV
DQGWHFKQLTXHVLQRUGHUWREHDEOHWRSURFHVVHIILFLHQWO\ODUJHYROXPHVRIGDWDZLWKLQOLPLWHGUXQWLPHV
9DULRXVDSSURDFKHVZKHUHSURSRVHGVSHFLILFDOO\IRU%LJ'DWDUHFHQWO\OLNHWKRVHGHVFULEHGLQ>@
3HUKDSV WKHPRVW SRSXODU DSSURDFK LV+DGRRS DQG0DSUHGXFH >@ EXW LW LV DSSOLFDEOH WR VLPSOHU
SUREOHPV VXFK DV LQIRUPDWLRQ VWRUDJH DQG UHWULHYDO FOXVWHULQJ VDPSOHVFHQWUHG DSSURDFKHV VXFK DV
690HWF0RVWRI WKH%LJ'DWD VSHFLILFDSSURDFKHVDUHDGDSWDWLRQVRISUHYLRXVO\H[LVWLQJDQGZHOO
NQRZQPDFKLQH OHDUQLQJDSSURDFKHV IRUH[DPSOHNPHDQVFOXVWHULQJ >@690>@ IX]]\DQG
SUREDELOLVWLFFOXVWHULQJ)X]]\ORJLFDOJRULWKPV>@
,QWKHIROORZLQJVXEVHFWLRQV WKHWZRLPSRUWDQWDVSHFWVRIWKHSURSRVHGDSSURDFKDUHH[SODLQHGLQ
PRUHGHWDLOLWKHSDUDOOHOL]DWLRQVWUXFWXUHDQGLLWKH7('$FODVVLILHU
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 'DWDSURFHVVLQJSDUDOOHOL]DWLRQ
7KHSDUDOOHOL]DWLRQFRQFHSWLVDERXWSDUWLWLRQLQJWKHGDWDLQWRFKXQNVDQGSURFHVVLQJWKHPE\VHYHUDO
LQGHSHQGHQWSRVVLEO\GLVWULEXWHGSURFHVVRUVLQSDUDOOHO3DUWLDOUHVXOWVRIGLIIHUHQWSURFHVVRUVDUHWKHQ
PHUJHGLQRUGHUWRREWDLQWKHRYHUDOOUHVXOW,WLVFOHDUWKDWVLPSOHUSUREOHPVXFKDVFRXQWLQJZRUGVLQD
GRFXPHQWVXPRIVXPVRUILQGLQJDPD[LPXPRUPHDQYDOXHPD[RIPD[HVRUPHDQRIPHDQVWKDW
DUHQHHGHGIRUVWRUDJHDQGUHWULHYDOFOXVWHULQJRU690DUHHDV\WRSDUDOOHOLVH0RUHFRPSOH[SUREOHPV
KRZHYHUVXFKDVFODVVLILFDWLRQSUHGLFWLRQLPDJHSURFHVVLQJHWFZKLFKUHTXLUHLWHUDWLYHVROXWLRQVDUH
VLJQLILFDQWO\PRUHGLIILFXOWWRSDUDOOHOL]H7KHVSHFLILFPDQQHUGLIIHUHQWSURFHVVRUVZRUNDQGWKHLUUHVXOWV
DUHPHUJHGLVHVVHQWLDOIRUWKHILQDOUHVXOW
:HSURSRVHWZRGLIIHUHQWW\SHVRIDUFKLWHFWXUHIRUGDWDSURFHVVLQJ)LJXUHDQGXVHRQHRIWKHPZKLFK
LV EDVHG RQ SDUDOOHOL]DWLRQ RI WKH 7('$&ODVV FODVVLILFDWLRQ DOJRULWKP 7KH 'DWD 'LVWULEXWRU QRGH
GLVWULEXWHV WKHGDWD LQEORFNV GDWDFKXQNV7KH'DWD3URFHVVRUQRGHVREWDLQD UHVXOW IURP WKHGDWD
FKXQNSURYLGHGWRWKHP)XQFWLRQLQJRIDOOWKHQRGHVLVH[DFWO\WKHVDPHWKHRQO\GLIIHUHQFHLVWKHGDWD
WKDW DUH EHLQJSURYLGHG)LQDOO\ WKH )XVLRQ&HQWUH QRGHPHUJHV WKHSDUWLDO UHVXOWV REWDLQHGE\ WKH
GLIIHUHQW3URFHVVRUQRGHV

)LJXUH'LIIHUHQWGDWDSURFHVVLQJDUFKLWHFWXUHV
,QZKDWIROORZVWKHWZRDUFKLWHFWXUHVDUHEULHIO\H[SODLQHG
 3LSHOLQH3URFHVVLQJ)LJXUHWRS$SLSHOLQHLVFRQILJXUHGDVDVHULHVRISURFHVVLQJQRGHV
7KH GDWD LV GLYLGHG LQWR FKXQNV DQG HDFK QRGH UHFHLYHV VHTXHQWLDOO\ LWV FRUUHVSRQGLQJ GDWD
FKXQN(DFKQRGHUHFHLYHVWKHPHWDGDWDSDUWLDOUHVXOWIURPWKHSUHGHFHVVRUQRGHHJPHDQVRU
FOXVWHUFHQWUHVVXPVFDODUSURGXFWVHWF,WWKHQXSGDWHVLWXVLQJLWVRZQGDWDFKXQNDQGIRUZDUGV
WKHUHVXOWVWRWKHQH[WQRGH7KHODVWQRGHSURGXFHVWKHRYHUDOOUHVXOW7KLVVFKHPHSUHVHUYHVWKH
RUGHURISURFHVVLQJLQWKHVHTXHQWLDODOJRULWKP,WUHGXFHVWKHDPRXQWRIGDWDEHLQJSURFHVVHG
E\ DQG WKXV WKH FRPSXWDWLRQDO FRPSOH[LW\ DQG EXUGHQ RQ HDFK QRGH+RZHYHU LW GRHV QRW
UHGXFHWKHWLPHQHHGHGWRVROYHWKHSUREOHP7KHUHIRUHVXFKDSLSHOLQHVHTXHQWLDODUFKLWHFWXUH
FDQEHXVHIXOLQVROYLQJDQXPEHURISUREOHPVLQSDUDOOHO/HW¶VLPDJLQHZHKDYHDQXPEHURI
GLIIHUHQWSUREOHPVRUGDWDVHWVZKHUHWKLVQXPEHULVQRWELJJHUWKDQWKHQXPEHURISURFHVVRUV
17KHQWKHSLSHOLQHDUFKLWHFWXUHFDQEHXVHGWRVROYHDOOWKHVHSUREOHPVDWWKHVDPHWLPHE\
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
WKH ILUVW SURFHVVRU VWDUWLQJ WR SURFHVV WKH ILUVW GDWD FKXQN RI WKH ILUVW SUREOHP WKH VHFRQG
SURFHVVRUWKHQVWDUWVWRSURFHVVWKHILUVWGDWDFKXQNRIWKHVHFRQGSUREOHPDQGVRRQ:KHQWKH
ILUVWGDWDSURFHVVRULVUHDG\ZLWKWKHSDUWLDOUHVXOWRIWKHILUVWSUREOHPXVLQJWKHILUVWGDWDFKXQN
DQGWKHVHFRQGSURFHVVRULVUHDG\ZLWKWKHSDUWLDOGDWDRIWKHVHFRQGSUREOHPHWFWKHSURFHVVRUV
VZDS WKHPHWDGDWDEHWZHHQ WKHPLQVXFKDZD\ WKDW WKHVHFRQGSURFHVVRUQRZFRQWLQXHV WR
SURFHVVWKHILUVWGDWDFKXQNWKHILUVWSURFHVVRU±WKH1WKFKXQNHWF,QWKLVZD\WKHSLSHOLQH
DUFKLWHFWXUHFDQEHXVHGWRUHGXFHERWKWKHFRPSXWDWLRQDOFRPSOH[LW\DQGWLPHUHTXLUHGWRVROYH
XSWRܰGLIIHUHQWSUREOHPV,QDGGLWLRQWKLVDUFKLWHFWXUHFDQJXDUDQWHHREWDLQLQJH[DFWO\WKH
VDPHUHVXOWDVLIDOOWKHGDWDLVEHLQJSURFHVVHGE\DVLQJOHSURFHVVRU>@
 3DUDOOHO3URFHVVLQJ)LJXUHERWWRP,QFRQWUDVWWRWKHSLSHOLQHDUFKLWHFWXUHLQWKLVFDVHZH
KDYHDIXOOSDUDOOHOL]DWLRQ,QLWLDOO\WKHGDWDLVGLYLGHGDQGWKHGLIIHUHQWFKXQNVDUHVHQWWRWKH
LQGLYLGXDOSURFHVVLQJQRGHVLQDSDUDOOHOPDQQHU7KHQRGHVVHQWWKHLUSDUWLDOUHVXOWZKHQUHDG\
WRWKH'DWD)XVLRQ&HQWUH7KLVDUFKLWHFWXUHRIIHUV IXOOSDUDOOHOLVDWLRQEXWGRHVQRWLQYROYHD
V\QFKURQLVDWLRQDQGREWDLQLQJH[DFWO\WKHVDPHUHVXOWDVLIDOOWKHGDWDLVEHLQJSURFHVVHGE\D
VLQJOHSURFHVVRUZKLFKLVWKHFDVHIRUWKHSLSHOLQHVHTXHQWLDODUFKLWHFWXUH,QVWHDGWKHUHVXOW
FDQEHDSSUR[LPDWHO\WKHVDPHJDLQLQJUHGXFWLRQLQWLPHDQGFRPSXWDWLRQDOFRPSOH[LW\
)XUWKHULQWKLVSDSHUZHZLOOFRQVLGHU7('$&ODVVFODVVLILHUEHQHILWLQJIURPWKHSDUDOOHODUFKLWHFWXUH
:H ZLOO H[SDQG RQ WKH VHTXHQWLDO DUFKLWHFWXUH IRU 7('$&ODVV DQG RWKHU DOJRULWKPV LQ VXEVHTXHQW
SXEOLFDWLRQV
 7('$&ODVV
,QWKLVVHFWLRQZHZLOORXWOLQHWKHPDLQFKDUDFWHULVWLFVRIWKH7('$IUDPHZRUN0RUHGHWDLOVDERXWWKLV
DOWHUQDWLYHGDWDDQDO\WLFVIUDPHZRUNFDQEHIRXQGHOVHZKHUH>@>@>@
7KH7('$IUDPHZRUN LVEDVHGRQ WKH VSDWLDOO\DZDUHFRQFHSWVRI W\SLFDOLW\DQGHFFHQWULFLW\ZKLFK
UHSUHVHQW WKH GHQVLW\ DQG SUR[LPLW\ LQ WKH GDWD VSDFH 7KH 7\SLFDOLW\ DQG (FFHQWULFLW\EDVHG 'DWD
$QDO\WLFV7('$LVDGDWDGULYHQSDUDPHWHUVDQGDVVXPSWLRQVIUHHDSSURDFKZKLFKGLIIHUVIURPWKH
WUDGLWLRQDO SUREDELOLW\ WKHRU\ WKH DSSURDFKHV EDVHG RQ EHOLHI DQG SRVVLELOLW\ RU WKRVH EDVHG RQ
VXEMHFWLYHH[SHUWVVXFKDVIX]]\ORJLF,QZKDWIROORZVLWLVEULHIO\RXWOLQHG
/HWXVFRQVLGHUWKHGDWDVDPSOHVVHTXHQFHሼ࢞ଵǡ ࢞ଶ ǥ࢞௞ ǥ ሽǡ ࢞௜ א Թ௡ǡ ݅ א ԳǡZKHUH݇LVDWLPHLQGH[
ZLWKLQWKHGDWDVHTXHQFH:HFDQGHILQHVRPHSDUWLFXODUGLVWDQFH݀ሺ࢞ǡ ࢟ሻ0DKDODQRELVFRVLQHRUDQ\
RWKHUZKLFKVHHPVWREHDSSURSULDWHZLWKLQWKHSUREOHPFRQWH[WEHWZHHQWKHYHFWRUVRIWKHGDWDVDPSOH
VHW:HFDQDOVRFDOFXODWHWKHDFFXPXODWHGSUR[LPLW\ߨ௞ሺ࢞ሻ ൌ σ ݀ሺ࢞ǡ ࢞௜ሻ௞௜ୀଵ ǡ ݇ ൒ ͳǤ+HUHZHVKRUWO\
GHQRWHߨ௝௞ ൌ ߨ௞൫࢞௝൯Ǥ
)LJXUH3RVVLEOHDUFKLWHFWXUHVIRUGDWDSURFHVVLQJSDUDOOHOLVDWLRQ
7KHHFFHQWULFLW\ɌRIDSDUWLFXODU୲୦ሺ ൐ ͳሻGDWDVDPSOHLVGHILQHGDV
  ߦ௞ሺ࢞ሻ ൌ ଶగೕ
ೖ
σ గೕೖೖ೔సభ
ൌ ଶσ ௗ൫࢞࢐ǡ࢞೔൯
ೖ೔సభ
σ σ ௗሺ࢞೔ǡ࢞೗ሻೖ೗సభೖ೔సభ
ǡ σ ߨ௝௞௞௜ୀଵ ൐ ͲǤ ݇ ൐ ʹ 
7KHW\SLFDOLW\߬RIDSDUWLFXODU݆௧௛ሺ݆ ൐ ͳሻGDWDVDPSOHLVGHILQHGDV
௝߬௞ ൌ ͳ െ ߦ௝௞ǡ  ൐ ʹǡ෍ ߨ௜௞
௞
௜ୀଵ
൐ Ͳ 
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
7KHVHGHILQLWLRQVFDQEHQRUPDOL]HGVHH>@>@>@ZLWKWKHDGYDQWDJHWKDWWKH\GRQRWUHTXLUHDQ\
SULRUDVVXPSWLRQVXFKDVKDYLQJLQILQLWHDPRXQWRIGDWDLQGHSHQGHQFHRIWKHLQGLYLGXDOGDWDYHFWRUV
VPRRWKSUHGHILQHGGLVWULEXWLRQVKDYLQJSRVLWLYHOLNHOLKRRGRILQIHDVLEOHYDOXHVHWFZKLFKDUHW\SLFDO
IRUWKHWUDGLWLRQDOSUREDELOLW\WKHRU\>@)RUH[DPSOHWKHQRUPDOL]HGW\SLFDOLW\WRIDSDUWLFXODU
୲୦ሺ ൐ ͳሻGDWDVDPSOHLVGHILQHGDV
ݐ௝௞ ൌ ௝߬
௞
݇ െ ʹ ǡ  ൐ ʹǤ 
,QDGGLWLRQDQGLWLVYHU\LPSRUWDQWIRUWKHXVHLQELJGDWDSUREOHPVWKHVHGHILQLWLRQVFDQEHFDOFXODWHG
UHFXUVLYHO\E\XSGDWLQJRQO\WKHJOREDORUORFDOPHDQDQGVFDODUSURGXFW;
7('$IUDPHZRUNDSSOLHVWRYDULRXVW\SHVRIXQGHUO\LQJPRGHOVEXWLQWKLVSDSHUZHZLOOFRQVLGHU
WKHVSHFLILFQHXURIX]]\DSSURDFKUHFHQWO\LQWURGXFHGE\$QJHORYDQG<DJHUFDOOHG$Q<D>@

	 ൌ ሼܴ௜ሽǡ ݅ ൌ ͳǡ ǡ ܴ୧ሺ࢞ሻ ׷ ܫܨሺ̱࢞࢞௜כሻܶܪܧܰݕ௜ ൌ ࢞ഥ்߆௜ 
ZKHUHܨLVDIX]]\UXOHVHWܴ௜LVDSDUWLFXODUUXOHRIWKLVVHWݕ௜ א ܥǡ ࢞ א Թ௡ǡ ܨǣԹ௡ ՜ ܥǡԹ௡LVDIHDWXUH
VSDFHܥLVDFODVVVSDFH࢞௜כLVFOXVWHUUHSUHVHQWDWLYHSRLQWIRFDOSRLQW߆௜ LVDGHVLJQPDWUL[IRUOLQHDU
UHJUHVVLRQ̱LV D FORVHQHVV UHODWLRQ IX]]\ DVVRFLDWLRQPHPEHUVKLSRI WKHSRLQW࢞WR WKH IX]]\ UXOH
ܴ௜ሺ࢞ሻ
7KHSURFHGXUHRIFODVVLILFDWLRQXVLQJ7('$&ODVVDVZHOODVDOHDUQLQJDOJRULWKPLVWKHVDPHDVIRU
H&ODVV>@DQG$XWR&ODVV>@7KHPDLQGLIIHUHQFHRI7('$&ODVVDOJRULWKPLVWKDWWKHLQIHUHQFH LV
EDVHGRQWKHUDWLRRIWKHORFDO W\SLFDOLW\DQGHFFHQWULFLW\UDWKHUWKDQRQWKHGHIX]]LILFDWLRQDVLWLVLQ
H&ODVV7KHILULQJUDWHRIHDFK$Q<DW\SHIX]]\LVGHULYHGDVDUDWLRRIWKHQRUPDOLVHGW\SLFDOLW\
ݓ௜௞ ൌ
ݐ௜௞
σ ݐ௝௞ே௝ୀଵ
 
ZKHUHQRUPDOLVHGW\SLFDOLW\ݐ௜௞LVJLYHQRYHUDOOWKHHOHPHQWVDVVLJQHGWRWKLVIX]]\UXOH

3. The Proposed Approach TEDAClassBDP
7KH DSSURDFK SUHVHQWHG LQ WKLV SDSHU 7('$&ODVV%'S ZKLFK VWDQGV IRU 7('$&ODVV %LJ 'DWD
SDUDOOHOL]HG LV EDVHGRQ WKH7('$&ODVV FODVVLILHU H[HFXWHGE\ HDFKGDWD SURFHVVRUQRGH LQSDUDOOHO
PDQQHU)LJXUHERWWRP8VLQJWKHSDUDOOHOL]DWLRQLWLVSRVVLEOHWRVFDOHXSWKHFODVVLILFDWLRQDOJRULWKP
7KH SURSRVHG SDUDOOHO DUFKLWHFWXUH UHPLQGV WKH ZHOONQRZQ FOLHQWVHUYHU DUFKLWHFWXUH >@ 7KH
µ)XVLRQ&HQWUH¶EORFNKDVDUROHVLPLODUWRWKDWRIDVHUYHUZKLOVWWKHµ'DWD3URFHVVRU¶QRGHVKDYHDUROH
VLPLODUWRWKDWRIFOLHQWV
'HVSLWHWKHRULJLQDO7('$&ODVVDSSURDFK>@EHLQJRQOLQHDQGG\QDPLFDOO\HYROYLQJLQWKLVSDSHU
ZH XVH D PXFK PRUH OLPLWHG RIIOLQH YHUVLRQ RI 7('$&ODVV LQ RUGHU WR DYRLG WKH H[SHQVLYH
FRPPXQLFDWLRQEHWZHHQWKHSURFHVVLQJQRGHVDQGWKH'DWD)XVLRQ&HQWUH,QRXUUHDOL]DWLRQWKH'DWD
)XVLRQ&HQWUHFRQWUROVWKHSURFHVVLQJRIWKHHQWLUHGDWDDQGKROGVDOOWKHPHWDGDWDVXFKDVPHDQVVXP
VFDODUSURGXFWVQXPEHURIGDWDFORXGVIRUPHGHWF
7KHGDWD LV VHSDUDWHG LQWR FKXQNV DQGSDVVHG WR WKH3URFHVVRUVZKHUH WKHGDWD FORXGV DUHEHLQJ
IRUPHGDQGSDUDPHWHUVRIWKHUHJUHVVLRQPRGHOVLQWKHFRQVHTXHQWSDUWVDUHEHLQJXSGDWHGWKHQWKHVH
SDUWLDOUHVXOWVDUHEHLQJWKHQSDVVHGWRWKH'DWD)XVLRQ&HQWUHZKLFKPHUJHVWKHGDWDFORXGVDQGXSGDWHV
WKHSDUDPHWHUV
 2XUDOJRULWKPGHVFULSWLRQ
,QWKLVVHFWLRQWKHDOJRULWKPGHVFULSWLRQLVSUHVHQWHG+HUHZHFRQVLGHUWKHFDVHRI0DKDODQRELV
GLVWDQFHZLWKRXWORVVRIJHQHUDOLW\
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 )XVLRQ&HQWUH LQLWLDOLVDWLRQߤ௞ ൌ ׎ߤ௫೅௫௞ ൌ ׎ܰLV D FRXQWRI GDWD SURFHVVRUV ஽ܰ LV
WKHFDUGLQDOLW\RIWKHGDWDVHW ௖ܰLVWKHFDUGLQDOLW\RIDGDWDFKXQNܺLVDGDWDVHWZLWK
FDUGLQDOLW\ ஽ܰ
 )XVLRQ&HQWUH6HOHFWILUVW ଴ܰ ൌ ሺ ௖ܰȀܰǡ ஽ܰሻREMHFWVIURPWKHGDWDVHWDQGWUDQVPLW
ILUVW ଴ܰGDWDWRWKHGDWDSURFHVVRU
 'DWD3URFHVVRUFDOFXODWHWKHSDUDPHWHUVRIWKHFOXVWHUVWKHPHDQሼߤ௜
ேభǡ೔ሽFRYDULDQFHV
൜ߤ൫௫௫೅൯೔
ேభǡ௜ ൠ ǡ ݅ ൌ ͳǥ ஼ܰ௟ ZKHUH ஼ܰ௟ LVWKHQXPEHURIFORXGVDQG݅LVDFXUUHQWFORXG ଵܰǡ௜LV
DVXSSRUWRIWKH݅WKFORXGDVLQWUDGLWLRQDO7('$&ODVVDQGWUDQVPLWLWEDFNWRWKH)XVLRQ
&HQWUH
 )RU݇ ൌ ଴ܰ ൅ ͳǡ ଴ܰ ൅ ͳ ൅ ஼ܰǡ ǥܰ െ ஼ܰ GR
D )XVLRQ&HQWUH'LYLGH୩ ൌ ሼ୩ ǥ ୩ା୒ిሽLQWRେJURXSVሼ
ଵǡ 
ଶǡ ǥ 
୒ሽ
SUHIHUDEO\RIHTXDOVL]H
E 'DWD3URFHVVRU ൌ ͳǣሻǣXSGDWHWKHPHDQVሼɊ୧ǡ୨
୒౟ǡౠሽFRYDULDQFHV൜Ɋ൫୶୶౐൯౟ǡ୨
୒౟ǡౠ ൠ ǡ  ൌ
ͳǥେ୪୨ ǡZKHUHେ୪୨ LVWKHQXPEHURIWKHGDWDFORXGVIRXQGE\HDFK'DWD3URFHVVRU
MLLVWKHFXUUHQWGDWD&ORXGDFFRUGLQJWRWKHHTXDWLRQDQGDQGେ୪୨ LVD
QXPEHURIGDWDLWHPVWRSURFHVVDWHDFK'DWD3URFHVVRU8SGDWHWKHIX]]LO\
ZHLJKWHG5/6SDUDPHWHUVDFFRUGLQJWRDQG
F )XVLRQ&HQWUH8SGDWHWKHPHDQVሼɊ୧୒౟ሽFRYDULDQFHV൜Ɋ൫୶୶౐൯౟
୒౟ ൠ ǡ  ൌ ͳǥୡ୪ǡZKHUH
ୡ୪LVWKHQXPEHURIGDWDFORXGVDFFRUGLQJWRWKHHTXDWLRQVDQGDQGWKHQ
PHUJHWKHGDWDFORXGVWKDWDUHFORVHWRHDFKRWKHU
$IWHUWKHVWHSWKH'DWD3URFHVVRUJHWVEDFNWKHPHWDGDWDDERXWDOOGDWDFORXGVIURPWKH)XVLRQ
&HQWUH7KHQLWSHUIRUPVWKH7('$&ODVVDOJRULWKPDVLQ>@:KHQDGGLQJDQHZGDWDLWHP[NWRWKHM
WKGDWDFORXGZLWKVXSSRUW1MWKHPHDQVDUHDFFXPXODWHGIRUWKHLWKGDWDFORXGVIRUMWK'DWD3URFHVVRU
DUHJLYHQDVIROORZV
ߤ௜ǡ௝଴ ൌ Ͳǡ ߤ௜ǡ௝
ே೔ǡೕ ൌ ௜ܰǡ௝ െ ͳ
௜ܰǡ௝ ߤ௜ǡ௝
ே೔ǡೕିଵ ൅ ݔ௞
௜ܰǡ௝ǡ 
ߤ൫௫௫೅൯೔ǡ௝
଴ ൌ Ͳǡ ߤ൫௫௫೅൯೔ǡ௝
ே೔ǡೕ ൌ ௜ܰǡ௝ െ ͳ
௜ܰǡ௝ ߤ൫௫௫೅൯೔ǡ௝
ே೔ǡೕିଵ ൅ ݔ௞ݔ௞்
௜ܰǡ௝ ǡ 
$WVWHSWKH)XVLRQ&HQWUHREWDLQVWKHGDWDIURPDOOWKHGDWDFORXGVDQGWKHQPHUJHVWKHPZKHQ
WKHIROORZLQJFULWHULDLVVDWLVILHGRURWKHUZLVHDGGVLWWRWKHVHWRI)XVLRQ&HQWUHFORXGV
ܴௗ ൌ ൛ܴ௜ǣ݆ ൐ ݅ǡ ௝ܴ א ܨǡ ݐ௝௞൫ߤ௜௞൯ ൐ ܶሺ݇ሻൟǡ 
LHW\SLFDOLW\LQJLYHQLQVWDQWRIWLPHIRUDQ\UXOHGRHVQRWH[FHHGDWKUHVKROGܶሺ݇ሻGHSHQGLQJRQWKH
LQVWDQWRIWLPHWKDWVKRZVWKDWWKHGDWDFORXGVDUHWRRFORVHWRHDFKRWKHU7KHPHUJHULVFDUULHGRXW
DFFRUGLQJWRWKHIROORZLQJHTXDWLRQV
ߤ௟଴ ൌ Ͳǡ ߤ௟௞ ൌ
݇ െ ௜ܰǡ௝
݇ ߤ௟
௞ିே೔ǡೕ ൅ ௜ܰǡ௝݇ ߤ௜ǡ௝
ே೔ǡೕ ǡ 
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
ߤ൫௫௫೅൯೗
଴ ൌ Ͳǡ ߤ൫௫௫೅൯೗
௞ ൌ ݇ െ ௜ܰǡ௝݇ ߤ൫௫௫೅൯೔ǡ௝
௞ିே೔ǡೕ ൅ ௜ܰǡ௝݇ ߤ൫௫௫೅൯೔ǡ௝
ே೔ǡೕ ǡ 
ZKHUHߤ௜ǡ௝
ே೔ǡೕLVWKHPHDQRI݅WKFOXVWHURI݆WKGDWDSURFHVVRUDQG݈LVWKHLQGH[RIWKHFOXVWHUZLWKLQWKH
)XVLRQ&HQWUH
7RREWDLQWKHRYHUDOOFODVVLILHUZHDSSO\IX]]LO\ZHLJKWHGUHFXUVLYHOHDVWVTXDUHV5/6PHWKRGWR
EXLOGXS WKH OLQHDU UHJUHVVLRQIRUHDFKRI WKHGDWDFORXGV7KLV UHJUHVVLRQ LVXVHG WRHVWLPDWH߆௜ DQG
UHVROYHVWKHIROORZLQJOHDVWVTXDUHVSUREOHP
ቀ ௜ܻ௞ െ ൣȲ௜୩൧்ȣ௜୩ቁ
் ቀ ௜ܻ௞ െ ൣȲ௜୩൧்ȣ௜୩ቁ ՜ ஀೔ ǡ  
ZKHUH ௜ܻLVWKHPDWUL[RIJURXQGWUXWKRXWSXWUHVXOWVIRUWKH݅WKIX]]\UXOHȣ௜LVDGHVLJQPDWUL[ߖ௜ ൌ
ሼ࢞ݓ௜௞ሺ࢞ሻሽLVDPDWUL[RIWKH5/6LQSXWVZLWKWKHPHPEHUVKLSZHLJKWVݓ௜௞ሺ࢞ሻ7KH5/6UHJUHVVLRQ>@
LVXSGDWHGDWHDFKRIWKH'DWD3URFHVVRUVDV
ȣ௜௞ ൌ ȣ௜௞ିଵ ൅ ܥ௜௞Ȳ௜୩൫ݕ௜௞ െ Ȳ௜୩ȣ௜୩ିଵ൯ǡ ȣ௜௞ ൌ Ͳǡ 
ܥ௜௞ ൌ ܥ௜௞ିଵ െ
ܥ௜௞ିଵȲ௜୩ൣȲ௜୩൧்ܥ௜௞ିଵ
ͳ ൅ ൣȲ௜୩൧்ܥ௜௞ିଵȲ௜୩
ǡ ܥ௜ଵ ൌ ȳǤ 
DQGVLPLODUO\RQWKH)XVLRQ&HQWUHXVLQJWKH'DWD3URFHVVRUVUHJUHVVLRQYDOXHVܥ௜௞DQGȣ௜௞DVDQLQSXW
4. Experimentation 
7KLVVHFWLRQLVGLYLGHGLQWZRVXEVHFWLRQVILUVWRQWKHVLPSOHLOOXVWUDWLYHH[DPSOHZHGHPRQVWUDWH
KRZRXUDSSURDFKZRUNV7KLVLVWKHQIROORZHGE\DPRUHUHDOLVWLFH[DPSOH
 ,OOXVWUDWLYH([DPSOH
7R LOOXVWUDWH WKH GLIIHUHQW VWDJHV RI WKH DOJRULWKP ZH XVH WKH ZHOONQRZQ ,ULV GDWDVHW >@ IRU
FODVVLILFDWLRQ,WFRQWDLQVVDPSOHVYHFWRUVIRUHDFKRIWKHGLIIHUHQWFODVVHVUHSUHVHQWLQJW\SHVRI
WKH,ULVIORZHU)LJXUHGHPRQVWUDWHVKRZWKHSURSRVHG7('$&ODVV%'SDSSURDFKZRUNV2QWKHWRSRI
WKHILJXUHZHFDQVHHWKHSURMHFWLRQRQWKHILUVWD[HVRIDOOGDWDVDPSOHVZLWKGLIIHUHQWFODVVHVVKRZQ
ZLWKGLIIHUHQWFRORXUDQGV\PERO,QWKLVSDUWLFXODUFDVHZHXVHG'DWD3URFHVVRUVEHFDXVHWKHGDWDVHW
LVVPDOODQGWKHDLPLVVLPSO\WRLOOXVWUDWHWKHZRUNSURFHVVDQGWRSURRIWKHFRQFHSW7KXVWKH'DWD
'LVWULEXWRU QRGH GLYLGHV WKH GDWD LQ  GLIIHUHQW FKXQNV (DFK RI WKH 'DWD 3URFHVVRUV WKHQ DSSOLHV
7('$&ODVVWRWKHVSHFLILFGDWDFKXQNDQGREWDLQVWKH$Q<DW\SHUXOHV'DWDFORXGV>@DUHWKHQIRUPHG
ZKLFKGRQRWKDYHDVSHFLILFVKDSHRUSDUDPHWHUV+RZHYHUIRULOOXVWUDWLYHSXUSRVHVRQO\ZHGHSLFWHG
RQWKH)LJXUHWKH'HOOLSVHVRIWKHUHVSHFWLYHFRYDULDQFHPDWULFHVRQO\WKRVHKDYLQJVXSSRUWDUH
SUHVHQWHGRQWKHLPDJHV7KHQWKH'DWD)XVLRQ&HQWUHQRGHPHUJHVWKHGDWDFORXGVZHFDQREVHUYHLQ
WKHERWWRPULJKWRIWKHILJXUHWKHUHVXOWRIWKLVSURFHVVDJDLQVLPSOLILHGIRUD'LOOXVWUDWLRQ

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
)LJXUH([DPSOH±+RZWKHSURSRVHGDSSURDFKZRUNV
 ([SHULPHQWDWLRQ5HVXOWV
,QRUGHU WRHYDOXDWH WKHQHZO\SURSRVHG7('$&ODVV%'SDOJRULWKPZHDSSOLHG LW WR WKHVRFDOOHG
(7/GDWDVHWKWWSSURMHFWVLWULDLVWJRMSHWOFGEHWOQHWOHWOKWPZKLFKFRQVLVWVRIGLIIHUHQWLPDJHVRI
KDQGZULWWHQGLJLWVODEHOOHGZLWKLWVFRUUHVSRQGLQJGLJLW(DFKVDPSOHLVUHSUHVHQWHGE\D[LPDJH
)RUWKHWUDLQLQJGLJLWVZHUHVHOHFWHGDQGLPDJHVZHUHVHOHFWHGIRUYDOLGDWLRQ7KH0DWODE
VRIWZDUHZDVZULWWHQWRHYDOXDWHWKHSURSRVHGDSSURDFK
7RPDNHWKHLPDJHGDWDWUDFWDEOHIRUWKHYHFWRUFODVVLILFDWLRQDOJRULWKPWKHIHDWXUHH[WUDFWLRQLVILUVW
FDUULHGRXW E\ WKHPHWKRGSURSRVHG LQ >@7KLVPHWKRG WULYLDOO\ FRPELQHV*DERU ILOWHU EDVHGJLVW
GHVFULSWRU>@FRPELQHGZLWK+DDUIHDWXUHV>@
7KHUHVXOWVRIDSSO\LQJ7('$&ODVV%'SWRWKLVGDWDVHWDUHVKRZQLQ7DEOHDQGILJXUHDQGWKH\
GHPRQVWUDWH WKDW DSSUR[LPDWHO\ WKH VDPH KLJK DFFXUDF\ FDQ EH DFKLHYHG E\ HDFK 'DWD 3URFHVVRU
ZRUNLQJZLWKRQO\SDUWRIWKHGDWDXSWRWKDQGWKXVWKHGDWDEHLQJSURFHVVHGPXFKIDVWHUVLQFHZH
DUH XVLQJ VHYHUDO XS WR  'DWD 3URFHVVRUV $OWKRXJK WKH QXPEHU RI GDWD FORXGV LV LQFUHDVLQJ
VLJQLILFDQWO\WKH\DUHEHLQJUHGXFHGE\PHUJLQJDQGRWKHUWHFKQLTXHVVXEVHTXHQWO\
7KHSURSRVHGFODVVLILHULVWDLORUHGIRUSDUDOOHOSURFHVVLQJRI%LJ'DWDE\VSOLWWLQJWKHGDWDLQWRFKXQNV
DQGSURFHVVLQJWKHPLQGHSHQGHQWO\\HWDFKLHYLQJDSSUR[LPDWHO\WKHVDPHFODVVLILFDWLRQUHVXOWXVLQJ
RUGDWDSURFHVVRUV7KHSURSRVHGSDUDOOHOLVDWLRQWHFKQLTXHDOORZVUHGXFLQJERWKWKHFRPSXWDWLRQDO
FRPSOH[LW\DQGWLPHUHTXLUHGWRSURFHVVDOOWKHGDWDWUHPHQGRXVO\LQWKHRUGHURI121ZKHUH1LV
WKHQXPEHURI'DWD3URFHVVRUV)URPWKHXSGDWHHTXDWLRQVZHFDQVHHWKDWWKHXSGDWHGHSHQGVOLQHDUO\
IURPWKHQXPEHURIIX]]\UXOHV:HDOVRREVHUYHGWKDWWKHPRUHGDWDZHSURFHVVWKHPRUHFRPSOH[
SDWWHUQVZHFDQILQG7KHUHIRUHPRUHGDWDFORXGVDUHEHLQJFUHDWHG7KHUHIRUHWKHRYHUDOOJDLQFDQEH
HYHQPRUHEHFDXVHRIWKHJURZLQJFRPSOH[LW\RIWKHGDWDSDWWHUQVZLWKLQWKHODUJHFKXQNVRQHFDQVHH
LWIURPWKHWDEOHDQGILJXUHZKHUHWKHUHODWLYHFRPSXWDWLRQDOWLPHLVWKHSDUWRIWKHWUDLQLQJWLPH
FRPSDULQJWRWKHWUDLQLQJWLPHIRURQHGDWDSURFHVVRU,QWKHRYHUDOOVROXWLRQZHDFFXPXODWHDOOWKH
SDWWHUQVLQWKHILQDOQRGHDQGLQWKLVFDVHZHGRQRWRSHUDWHZLWKDKXJHDPRXQWRIGDWDEXWRQO\ZLWK
IX]]\UXOHPHUJHU7KLVPHDQVWKDWZHGRQRWGHDOZLWK%LJ'DWDGLUHFWO\LQWKH'DWD)XVLRQ&HQWUH
EXWGHOHJDWHLWWRWKH'DWD3URFHVVRUVDQGWKHLQFUHDVHRIWKHGDWDFKXQNVJLYHVWKHSDUDOOHOLVDWLRQDW
OHDVWLQQXPEHURIQRGHVWLPHV
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 7DEOH(7/3HUIRUPDQFHGHSHQGHQF\RIQRGHV
'DWD3URFHVVRUV $FFXUDF\ 'DWD&ORXGV &RPSXWDWLRQDOWLPHFRPSDUHGWRRQHQRGH
   
   
   
   
   



)LJXUH$FFXUDF\OHIWDQG&RPSXWDWLRQDO7LPHULJKWGHSHQGLQJRIWKHQXPEHURIQRGHV
5. Conclusions and Future Work 
,QWKLVDUWLFOHDQHZDOJRULWKPIRUSURFHVVLQJ%LJ'DWDLVSURSRVHG7KHDSSURDFKLVEDVHGRQWKH
FODVVLILHU7('$&ODVVDQGLWJLYHVQHZRSSRUWXQLWLHVIRUDSSOLFDWLRQRIWKLVDOJRULWKPIRUKXJHDPRXQWV
RIGDWD,WLVREWDLQHGE\DGDSWLQJWKHRULJLQDODOJRULWKPWRDEORFNZLVHSURFHVVLQJRIWKHGDWD7KLV
DSSURDFKJLYHVQHZRSSRUWXQLWLHVWRGLVWULEXWHWKHGDWDSURFHVVLQJIRUWKHDOJRULWKPDQGWREULQJQHZ
DSSOLFDWLRQVWRWKLVPHWKRG7KHUHVXOWVJLYHDVWURQJHYLGHQFHRIWKHSURSRVHGFRQFHSWVKRZLQJQR
VLJQLILFDQWUHGXFWLRQLQWKHDFFXUDF\ZKLOHWKHFRPSXWDWLRQDOFRPSOH[LW\DQGWLPHUHTXLUHGDUHUHGXFHG
E\DIDFWRURI16DPHDVWKHRULJLQDO7('$&ODVVWKHSURSRVHG7('$&ODVV%'SDSSURDFKGRHVQRWQHHG
SULRUDVVXPSWLRQVH[FHSWWKHQXPEHURIWKH'DWD3URFHVVRUVZHZLOOXVH,QDGGLWLRQLWFDQEHUHFXUVLYH
DQGWKXVRQOLQHDQGUHDOWLPHQRWFRPSOHWHO\H[SORLWHGLQWKLVSDSHU7KHVHFKDUDFWHULVWLFVPDNHWKLV
PHWKRG D JRRG FDQGLGDWH IRU WKH SUREOHPV LQZKLFK WKRXVDQGV RUPLOOLRQV RI GDWD XQLWV QHHG WR EH
SURFHVVHGIDVW
Acknowledgements 
7KLVZRUNKDVEHHQVXSSRUWHGE\WKH6SDQLVK*RYHUQPHQWXQGHU3URMHFWV75$&
DQG75$&5DVZHOODVE\WKH&KDLURI([FHOOHQFHSURJUDPPHE\6DQWDQGHU%DQNIRU



References
>@ 0*,QVWLWXWH³%LJGDWD7KHQH[WIURQWLHUIRULQQRYDWLRQFRPSHWLWLRQDQGSURGXFWLYLW\´
>@ 3$QJHORY³2XWVLGHWKHER[DQDOWHUQDWLYHGDWDDQDO\WLFVIUDPHZRUN´-RXUQDORI$XWRPDWLRQ
0RELOH5RERWLFVDQG,QWHOOLJHQW6\VWHPVYROSS
Evolving Classiﬁer TEDAClass for Big Data D.Kangin, P.Angelov, J.A.Iglesias, and A.Sanchis
17

>@ 3$QJHORY6HQVHDQG$YRLGLQ8$65HVHDUFKDQG$SSOLFDWLRQV-RKQ:LOH\DQG6RQV
>@ 3$QJHORY³$QRPDO\GHWHFWLRQEDVHGRQHFFHQWULFLW\DQDO\VLV´ LQ(YROYLQJDQG$XWRQRPRXV
/HDUQLQJ6\VWHPV($/6,(((6\PSRVLXPRQ
>@ '.DQJLQDQG3$QJHORY³(YROYLQJ&OXVWHULQJ&ODVVLILFDWLRQDQG5HJUHVVLRQZLWK7('$´LQ
7KH,QWHUQDWLRQDO-RLQW&RQIHUHQFHRQ1HXUDO1HWZRUNV
>@ :0DVRQ:-9DXJKDQDQG+:DOODFK³&RPSXWDWLRQDOVRFLDOVFLHQFHDQGVRFLDOFRPSXWLQJ´
0$FKLQH/HDUQLQJYROQRSS
>@ 16DYDJH³%LRLQIRUPDWLFV%LJGDWDYHUVXVWKHELJ&´1DWXUHYROQRSS

>@ . - (GZDUGV DQG00 *DEHU $VWURQRP\ DQG %LJ 'DWD $ 'DWD &OXVWHULQJ $SSURDFK WR
,GHQWLI\LQJ8QFHUWDLQ*DOD[\0RUSKRORJ\6SULQJHU3XEOLVKLQJ&RPSDQ\,QFRUSRUDWHG
>@ '6LQJKDQG&.5HGG\³$6XUYH\RQ3ODWIRUPVIRU%LJ'DWD$QDO\WLFV´-RXUQDORI%LJ'DWD
YROQRSS
>@-'HDQDQG6*KHPDZDW³0DS5HGXFH6LPSOLILHG'DWD3URFHVVLQJRQ/DUJH&OXVWHUV´&RPPXQ
$&0YROQRSS
>@3 $QFKDOLD $ .RXQGLQ\D DQG 1 6ULQDWK ³0DS5HGXFH 'HVLJQ RI .0HDQV &OXVWHULQJ
$OJRULWKP´LQ,QWHUQDWLRQDO&RQIHUHQFHRQ,QIRUPDWLRQ6FLHQFH$QG$SSOLFDWLRQV,&,6$

>@=6XQDQG*)R[³6WXG\RQ3DUDOOHO690%DVHGRQ0DS5HGXFH´LQ,QWHUQDWLRQDO&RQIHUHQFH
RQ3DUDOOHODQG'LVWULEXWHG3URFHVVLQJ7(FKQLTXHVDQG$SSOLFDWLRQV
>@5-+DWKDZD\DQG-&%H]GHN³([WHQGLQJ)X]]\DQG3UREDELOLVWLF&OXVWHULQJWR9HU\/DUJH
'DWD6HWV´&RPSXW6WDW'DWD$QDOYROQRSS
>@3$QJHORY³0DFKLQH/HDUQLQJ&ROODERUDWLYH6\VWHPV´863DWHQW86
>@7+DVWLH57LEVKLUDQLDQG-+)ULHGPDQ7KHHOHPHQWVRI VWDWLVWLFDO OHDUQLQJGDWDPLQLQJ
LQIHUHQFHDQGSUHGLFWLRQ1HZ<RUN6SULQJHU9HUODJ
>@3$QJHORYDQG55<DJHU³$QHZW\SHRIVLPSOLILHGIX]]\UXOHEDVHGV\VWHP´,QW-*HQHUDO
6\VWHPVYROQRSS
>@3$QJHORYDQG;=KRX³(YROYLQJ)X]]\5XOH%DVHG&ODVVLILHUV)URP'DWD6WUHDPV´)X]]\
6\VWHPV,(((7UDQVDFWLRQVRQYROQRSS
>@& /HRSROG 3DUDOOHO DQG 'LVWULEXWHG &RPSXWLQJ $ 6XUYH\ RI 0RGHOV 3DUDGLJPV DQG
$SSURDFKHV-RKQ:LOH\$QG6RQV,QF
>@5$)LVKHU³7KH8VHRI0XOWLSOH0HDVXUHPHQWVLQ7D[RQRPLF3UREOHPV´$QQDOVRI(XJHQLFV
YROQRSS
>@3$QJHORY'.DQJLQ=;LDRZHLDQG'.ROHY³6\PEROUHFRJQLWLRQZLWKDQHZDXWRQRPRXVO\
HYROYLQJFODVVLILHU$XWR&ODVV´LQ,(((&RQIHUHQFHRQ(YROYLQJDQG$GDSWLYH,QWHOOLJHQW6\VWHPV

>@$2OLYDDQG$7RUUDOED³%XLOGLQJWKH*LVWRID6FHQH7KH5ROHRI*OREDO,PDJH)HDWXUHVLQ
5HFRJQLWLRQ9LVXDO3HUFHSWLRQ´LQ3URJUHVVLQ%UDLQ5HVHDUFK
>@$+DDU³=XU7KHRULHGHURUWKRJRQDOHQ)XQNWLRQHQV\VWHPH´0DWKHPDWLVFKH$QQDOHQYRO
QRSS



Evolving Classiﬁer TEDAClass for Big Data D.Kangin, P.Angelov, J.A.Iglesias, and A.Sanchis
18
